
Oova: A two-in-one at-home test for measuring Luteinizing 
Hormone and Progesterone. 
We conducted several studies between November 2019 and September 2020 assessing the performance of our 
urine device for the quantitative measurement of Luteinizing Hormone (LH) and Pregnanediol-3 (PdG) in urine. Urine 
is collected in both midstream and dip test format and results are conveyed via lateral flow immunoassay, similar to 
a pregnancy test. The results are subsequently interpreted in real-time using a machine learning empowered 
smartphone application. The disposable tests do not require special storage and are tested in layperson use. 

Our research found that urine collected and tested using the Oova device provides accurate LH and PdG results 
when compared with commercial lab analysis. Device precision studies showed that Oova performs consistently 
when used by multiple professionals and using multiple manufacturing lots of devices. Study technicians found that 
Oova was easy to use and interpret. Practitioners strongly preferred the Oova device over other hormone measuring 
products including over-the-counter (OTC) tests and in some instances, it was clear that Oova had the potential to 
replace conventional lab work for hormone trend monitoring.  

Oova is registered with the FDA. Future studies will assess the performance of testing other analytes. 

Introduction
Monitoring hormone levels in individuals 
affected by infertility remains the 
standard of care for ensuring proper 
management of the condition. Typically, 
Luteinizing Hormone (LH) is tested and a 
positive or negative result is conveyed 
using a threshold based test. Upon a 
positive result the patient believes they 
are ovulating. Similarly, pregnanediol-3 
(PdG) is tested to confirm the release of 
an egg.  

Unfortunately, due to the poor sensitivity 
and dynamic range of traditional, lateral 
flow based, immunoassays, these tests 
provide very little insight. These tests are 
designed to work at pre-determined 
thresholds and therefore often mislead a 
woman who does not fit this average 
profile.  

We have designed, developed and 
validated the Oova test to improve the 
urine analysis experience and make it 
much more valuable for an aging 
population of women trying to conceive. 
The system consists of three components: 
1) low-cost, disposable cartridges, 2) a re-
useable handle, 3) a machine learning 
powered smartphone application.  

Analysis begins with the user being 
guided via the smartphone application 
to apply a urine sample to the test in 
either midstream or dip format. The 
Oova test uses advanced nano-
technology to filter non-specific binding, 
adjust for pH, and normalize for 
hydration levels before measuring the 
hormones. After waiting 10 minutes the 
user scans the cartridge in the same way 
they would a barcode, using the camera 
directly on their phone. The software 
consists of an algorithm that uses a 
combination of rule-base and machine 
learning to quantify the results by 
comparing the intensity of the test with a 
calibration curve. The calibration curve is 
batch and lot specific to the materials 
and biochemistry used during the 
manufacturing of that test. 

We have significantly demonstrated that 
the Oova test is able to quantitatively 
measure both LH and PdG, in an at-
home setting, as compared to ELISA 
quantified antigen standards and an 
AXXIN AX-2X-S reader device.
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High-Quality 
Urine Analysis, 
At-Home

Lab Precision

Two Hormones

HIPAA Compliant  

Oova follows an 
unprecedented 
quality assurance and 
manufacturing 
process to ensure that 
unrivaled precision 
and accuracy is 
consistently provided 

The only test on the 
market that 
quantitatively 
measures both LH 
and PdG in a single 
test. One scan, real-
time data.

• Works as midstream and dip 
• No batteries, bluetooth or 

hardware 
• A process that delivers consistent 

and reliable results in 10 minutes

Clinicians and 
providers have access 
to hormone 
measurements 
through Oova’s HIPAA 
compliant dashboard. 
Free to use for 
monitoring, always.
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The scannable Oova cartridge 
measures both LH and PdG, is 
disposable and is 10x cheaper 
than a lab test

Reusable handle for consistent 
midstream use

Holder stand for one handed 
scanning and clean results
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Research Methodology 
To provide a standard method for determining limit of blank (LoB), limit of detection (LoD) and limit of quantitation (LoQ), 
Clinical and Laboratory Standards Institute (CLSI) has published the guideline EP17, Protocols for Determination of Limits of 
Detection and Limits of Quantitation. Typically, LoQ will be found at a higher concentration than LoD, but how much 
higher depends on the specifications for bias and imprecision used to define it.  

All of the studies aim to show equivalence of both LH and PdG as measured by the Oova device and a calibrate set of 
standards quantified via ELISA. 

Sample Demographics
Samples come from 20 unique participants ranging in age from 18 – 40 years of 
age. Further, the following inclusion criteria were specified. The table below 
represents the Precision Study set. 

• Not on hormonal birth control 
• Not currently pregnant 
• Not taking hormone therapy

Purpose and Scope

EP17 defines LoB as the highest apparent analyte concentration expected to be found when replicates of a 
sample containing no analyte are tested.1 Note that although the samples tested to define LoB are devoid of 
analyte, a blank (zero) sample can produce an analytical signal that might otherwise be consistent with a 
low concentration of analyte. 

LoD is the lowest analyte concentration likely to be reliably distinguished from the LoB and at which 
detection is feasible. It is therefore greater than LoB. A traditional and typical approach to estimate LoD 
consists of measuring replicates, usually n=20, of a zero calibrator or blank sample, determining the mean 
value and standard deviation SD, and calculating LoD as the mean +2 SD. Variations of this approach use 
the mean plus 3, 4, or even 10 SDs to provide a more conservative LoD.  

Limit of Blank Detection

Table 1 - Precision study test plan 

Lot-to-lot variation affecting calibrators and reagents is a frequent challenge that limits the laboratory’s 
ability to produce consistent results over time. This variation is not without clinical consequence and several 
well-documented examples of adverse clinical outcomes exist. It is important that laboratories have 
procedures in place for quantification of this inaccuracy, and for determining whether the amount of 
variation is acceptable for the release of patient results. Various approaches have been taken to the 
assessment of new lots, including the evaluation protocol published by the CLSI. 

Lot-to-Lot Variation

Verification studies, as described below, were 
conducted to demonstrate and document 
that the performance of the Oova test meets 
product and design specifications for the 
detection of PdG and LH in urine samples. 
The outlined studies were performed with 
verification lots as specified in the particular 
protocol. 

Data generated from these studies will be 
used to suppor t val idat ion studies , 
manufacturing procedures, quality control 
release specifications, and technical support 
documents. These studies may also be used 
as reference documentation for device 
labeling (inserts), and regulatory submission.  

Modifications made to any protocol to 
expand the utility of the data and changes 
will be noted as a deviation in the final 
report. All modifications/deviations will be 
described in the summary report.

Precision
Document EP05-A2 describes the protocols for determining the precision of a method. The precision of a 
method should be tested at a minimum of two levels; each run in duplicate, with two runs per day over 20 
days.

Levels of 
sample*

Replicates 
per 

sample 
level

# of 
Days

# of 
Tests 

per Day
# of 

Users

# of 
Devices 
Needed 
per Lot

# of 
Lots

# of 
Devices

2 2 20 2 1 160 2 320

* Low Positive (10 mIU/ml LH, 5 ug/ml PdG) and High Positive 
(50 mIU/ml LH, 10 ug/ml PdG)

Oova, Inc. 335 Madison Avenue New York, NY 10017 | oova.life  2

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2556583/%22%20%5Cl%20%22b1-cbr29_s_pgs49


The upper limit of quantification (ULOQ) is the highest calibration standard on the calibration curve, where 
the analyte response is reproducible, and the precision and accuracy are within 15% of the CV and 15% of the 
nominal concentration, respectively. 

System Overview

LoQ is the lowest concentration at which the analyte can not only be reliably detected but at which some 
predefined goals for bias and imprecision are met. “Functional sensitivity” is defined as the concentration that 
results in a coefficient of variation (CV) = 20% (or some other predetermined % CV), and is thus a measure of 
an assay’s precision at low analyte levels. 

Limit of Quantitation

General Assay Performance Expectations

The Oova Test is designed to work alongside a reader system. The system leverages batch specific calibration that 
compensates signal intensity variation to closely map the expected analyte concentration. Traditional assays, without a 

real-time reader cannot make this adjustment. Further, threshold based tests have a hard elbow to closely represent a 
step-wise result against positive and negative results. The Oova test and reader system flatten the curve enabling a fully 
quantitative range with unrivaled sensitivity and specificity. 

Figure 1 - Performance curves for lot manufactured March 2020 

Oova Reader Software vs Industry Standard
A quantitative colorimetric immunoassay is designed to be visually interpreted with the signal intensity of the result to be 
closely correlated with the analyte concentration. In a lab setting, the immunoassay is measured by being inserted into a 
countertop device. Inside the device, a controlled environment comprised of a light source and an imaging sensor are 
used to interpret the line intensity.  

The Oova reader's most difficult challenge is compensating for various lighting conditions, that cannot be control due to 
inherent variations in the end user’s environment. We have integrated an algorithm that leverages a combination of 
matching learning and rule-based image processing techniques to account for the aberrations to obtain consistent, 
repeatable results.  

The linear regression results show a slope close to 1.00 and a minimal intercept, with a high correlation coefficient. The 
95% confidence interval for the slope estimate contains the value 1.00, supporting the conclusion that there is no 
difference between the methods. The results of the analysis confirm that the Oova reader is as accurate as the countertop 
device.

y = 89.467x + 521.56
R² = 0.99
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Study Results
Precision
Two levels of PdG and LH urine controls were analyzed in accordance with a protocol from the CLSI EP05-A3. This protocol 
details the testing and analysis of variance for estimating repeatability and within lab precision using both the Axxin and 
Oova readers.

Sample 

Description
Lot

Sample
Mean

Repeatability Within Laboratory Precision

Level SD %CV SD %CV

LH

1

Low Pos 4.42 2.04 46.26 2.46 55.74

High Pos 28.77 5.12 17.81 7.05 24.51

PdG

Low Pos 6.02 1.53 25.49 1.66 27.56

High Pos 12.8 3.01 23.54 3.06 23.91

LH

2

Low Pos 8.36 1.87 22.43 2.31 27.62

High Pos 33.49 5.87 17.53 9.58 28.61

PdG

Low Pos 4.69 1.1 23.42 1.21 25.77

High Pos 10.17 2.37 23.34 2.49 24.47

Table 2 - Precision study test results. Yellow cells reflect best performance for positive test 
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Oova Reader vs. Axxin AX-2X-S
Regression Statistics

Multiple R 0.9972

R Square 0.9944

Adjusted R 
Square

0.9938

Standard 
Error

567.2747

Observations 11

Figure 2 - Oova reader vs Axxin AX-2X-S commercial reader 
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It’s important to note that the lower levels of LH are borderline outside of required dynamic range and thus not 
representative of the ultimate precision during typical use. However, these results add value in demonstrating the tests 
ability to decipher the difference between zero signal and any signal. This is evaluated further in the limit of blank testing.  

Conclusion
Repeatability estimates for Low LH (~ 10 mIU/mL) range from 22 and 46%. 
Repeatability estimates for High LH (~50 mIU/mL) are estimated at 18%. 
Repeatability estimates for Low PdG (~ 5 ug/mL) range from 23 and 25%. 
Repeatability estimates for High PdG (~ 10 ug/mL) range from 23 and 24%. 

Within Laboratory Precision estimates for Low LH (~ 10 mIU/mL) range from 28 and 56%. 
Within Laboratory Precision estimates for High LH (~50 mIU/mL) range from 25 and 29%. 
Within Laboratory Precision estimates for Low PdG (~ 5 ug/mL) range from 26 and 28%. 
Within Laboratory Precision estimates for High PdG (~ 10 ug/mL) are estimated at 24% 

Lot-to-Lot Variation

This study will examine the Oova test’s lot-to-lot variability. Four levels of samples (negative, low, medium and high) will be 
assayed using three lots of materials and analyzed to determine the lot-to-lot variability by comparing recoveries for the 
same levels of controls. Three verification lots for the Oova rapid test were evaluated. 

Figure 3 - Lot to lot comparison. (A) LH recovery (mIU/ml). (B) PdG recovery (ug/ml) 

Conclusion

In this lot comparison experiment the variation and reproducibility of the process were evaluated with different lots of 
assay components. The ability to consistently meet assay performance requirements was tested with three verification lots 

analyzed with four distinct levels of analytes.  

LH: While showing variability in signal intensities, the percent recovery calculated for each of the three lots was within 

80-120% range. Moreover, no significant differences were detected between the lots when recovered units were compared 
(confirmed by ANOVA).  

PdG: Due to matrix effect, recovery at 0.5 ug/mL for verification lot #2 was unable to be calculated (higher signals for the 
negative sample) and % recovery at 0.5 ug/ml for lot #1 was 133% (falling out of the expected 80-120% range). Nonetheless, 
calculating recovery around the decision point (5 ug/ml) and at high level (10 ug/ml) produced consistent results.  

In conclusion, these results demonstrate that although some matrix effect was present, the three lots displayed acceptable 
consistency in recovered values and indicate that the process is robust.  
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Limit of Blank Detection

This study will examine the Oova test’s limit of blank and detection (LoBD). Negative (Blank) and Low positive samples will 
be analyzed in accordance with a modified protocol from the CLSI EP17-A2. This protocol describes the testing and its 
analysis according to the CLSI guidance. 

Table 3 - Limit of Blank Detection Results Summary. LoB = Limit of Blank, LoD = Limit of Detection 

Reader

Axxin AX-2X-S Oova

LH LoB (mIU/mL) 0.87 1.37

LH LoD (mIU/mL) 2.41 2.71

PdG LoB (ug/mL) 0.20 0.54

PdG LoD (ug/mL) 0.76 1.11

Conclusion
Estimated LoB using the Axxin reader are 0.87 mIU/mL and 0.2 ug/mL for LH and PdG, respectively. Estimated LoD using 
the Axxin reader are 2.41 mIU/mL and 0.76 ug/mL for LH and PdG, respectively. Both LoB and LoD values are consistent 
with the levels expected given historical performance during assay development. 

Estimated LoB using the Oova reader are 1.37 mIU/mL and 0.54 ug/mL for LH and PdG, respectively. Estimated LoD using 
the Oova reader are 2.71 mIU/mL and 1.11 ug/mL for LH and PdG, respectively. These values are only slightly higher than the 
estimated values for the Axxin reader. 

Limit of Quantitation

This study will evaluate the ability of the assay to perform at high LH concentrations. This study will test the response of the 
Oova test to elevated LH levels to examine whether a drop in signal levels is observed at higher concentrations (also 
known as Hook or Prozone effect). A negative and a series of positive samples will be tested using one verification lot with 
three replicates at each level by one user within a day. 

Note: The limit of quantitation for PdG is determined by its limit of detection because it is a competitive assay.
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Figure 4 - The limit of linear dynamic range of LH as defined by absolute upper range 

LH (mIU/mL) Average
Standard 
Deviation

0 343 38

10 1,747 119

25 2,800 308

50 5,490 372

75 7,310 435

100 8,173 268

150 9,453 554
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Conclusion

In this experiment the response of the assay to higher levels of LH was evaluated. A bell-shaped dose response at higher 
concentrations would indicate a Hook (or Prozone) effect. Here, one lot of devices was tested with increasing LH 

concentration up to 150 mIU/ml in urine. The results indicate signal saturation without drop at concentrations above 75 
mIU/ml, indicating no Hook effect at these levels of analyte. The red trend line was generated at LH concentrations within 
0-75 MIU/ml range. All assay parameters were within the expected ranges based on historic data. 
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Appendix

Product Specifications

Final Product Performance
Project: Oova LH and PdG Multiplexed Immunoassay

ID 
No. Category Description Target

Specification and/or 
Evidence

Requirement Met / 
Not Met 

1.1 Regulatory
Regulatory and Statutory 
Requirements

Class 1 exempt 
device, FDA 
registration only

N/A ✅

2.1 Assay
Description and Type of 
Product

Lateral flow 
quantitative 
immunoassay for 
both LH and PDG

Lateral flow quantitative 
immunoassay for both LH 
and PDG.

✅

2.2 Assay Test Format
Built in control for 
proper use/
function of test

Goat Anti Mouse IgG 
Control Line Appears 
When Gold Conjugate 
gets rehydrated by 
sample.

✅

2.3 Assay Analysis Time < 10 Minutes
Analysis time of 10 
minutes is required.

✅

2.4 Assay Stability of the result
> 5 Minutes after 
end of analysis 
time

> 1 Minutes after end of 
10 minute analysis time. ✅

2.6 Assay Analytical sensitivity
Minimal detection 
of PD = 0.5ug/mL, 
LH = 5mIU/mL

LoD PdG = 0.76 ug/mL 
LoD LH = 2.4 mIU/mL ✅

2.7 Assay Upper Limit for quantitation
PdG = 10ug/mL  

LH = 100 mIU/mL

Upper Limit for PdG with 
total error < 30% is 10 ug/
mL. 

Upper Limit for LH with 
total error < 30%, R2 = 
0.97, is 100 mIU/mL.

✅

3.1 Engineering Stability
> 12 months at 
room temperature

Accelerated stability 
results indicate ~12 
months at Room Temp.

✅

3.2 Engineering Human Factors
Protect read 
window from 
sample splashing

Usability testing 
performed by the client. 
Covertape included in 
strip design to protect 
from sample splashing.

✅

4.1 Reader Operation Requirements

Once assay is 
initiated, it should 
be read by reader 
at 10 minutes

Once assay is initiated, it 
is read by reader at 10 
minutes.

✅
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